Cellular adaptation to environmental changes and stress relies on a wide range of regulatory mechanisms that are tightly controlled at several levels, including transcription. Chromatin structure and chromatin binding proteins are important factors contributing to the transcriptional response to stress. However, it remains largely unknown to what extent specific chromatin factors influence the response to distinct forms of stress in a developmental context. One of the best characterized stress response pathways is the unfolded protein response (UPR), which is activated by accumulation of misfolded proteins in the endoplasmic reticulum (ER). Here, we show that Caenorhabditis elegans heterochromatin protein like-2 (HPL-2), the homolog of heterochromatin protein 1 (HP1), downregulates the UPR in the intestine. Inactivation of HPL-2 results in an enhanced resistance to ER stress dependent on the X-box binding protein 1 (XBP-1)/inositol requiring enzyme 1 branch of the UPR and the closely related process of autophagy. Increased resistance to ER stress in animals lacking HPL-2 is associated with increased basal levels of XBP-1 activation and ER chaperone expression under physiological conditions, which may in turn activate an adaptive response known as ER hormesis. HPL-2 expression in intestinal cells is sufficient to rescue stress resistance, whereas expression in neuronal cells negatively influenced the ER stress response through a cell-nonautonomous mechanism. We further show that the retinoblastoma protein homolog LIN-35 and the LIN-13 zinc finger protein act in the same pathway as HPL-2 to limit the ER stress response. Altogether, our results point to multiple functions for HP1 in different cell types to maintain ER homeostasis.
H omeostasis depends on the ability of a cell to sense, respond to, and bypass various types of stress. The process of protein folding, which takes place in the endoplasmic reticulum (ER), is particularly sensitive to stress induced by environmental and genetic factors. Disruptions of ER homeostasis due to the accumulation of misfolded proteins in the ER, also known as ER stress, activates the unfolded protein response (UPR). The main aim of the three UPR signaling pathways, PKR-like ER kinase, activating transcription factor 6 (ATF6), and inositol requiring enzyme 1 (IRE-1), is to reestablish ER homeostasis and promote survival via the up-regulation of ER chaperones and components of ER-associated degradation (ERAD), ER expansion, and translational attenuation (1) . Emerging data from yeast and mammalian cells indicates a close link between the IRE1/X-box binding protein 1 (XBP-1) branch of the UPR and autophagy in response to ER stress (2) . In addition, the UPR can also be elicited under conditions of mild, but persistent physiological ER stress. Significantly, mild ER stress (preconditioning) has been shown to protect the cell against a stronger insult to the ER, a phenomenon referred to as hormesis (3, 4) .
Recent data from yeast suggests that chromatin structure and chromatin proteins are also significant players in mediating the response to environmental stress (5) . However, very little is known on how specific chromatin proteins contribute to diverse stress responses in the context of a whole organism, or a specific tissue. Heterochromatin protein 1 (HP1) family proteins are conserved epigenetic regulators that control gene expression depending on the chromatin context (6) . We have previously shown that the Caenorhabditis elegans HP1 homolog heterochromatin protein like-2 (HPL-2) plays a regulatory role in the dauer decision, an alternative developmental program that worms undergo under stressful conditions (7) . In this study, we show that animals lacking HPL-2 are more resistant to induced ER stress, an effect mediated by the XBP-1/IRE-1 branch of the UPR and autophagy. In the absence of HPL-2, xbp-1 and ER stress chaperones are activated under basal condition, producing a hormesis-like effect that may contribute to increased ER stress resistance in these animals. Consistent with this, we show that preconditioning activates the UPR and protects wild-type animals against acute ER stress, but does not further increase the resistance of hpl-2 mutant animals. Whereas intestinal expression of HPL-2 reestablished a wild-type response to ER stress, neuronal expression negatively influenced the ER stress response in mutant animals lacking hpl-2 in other cell types, suggesting that HPL-2 influences the ER stress response through both cellautonomous mechanisms, and cell-nonautonomous signaling. We further show that the retinoblastoma protein homolog LIN-35 and the zinc finger protein LIN-13 act with HPL-2 to dampen the ER stress response. Given the high degree of conservation of the UPRmediated ER stress response and chromatin-associated proteins across species, the mechanisms reported here have important implications for how environmental stimuli may affect ER homeostasis through chromatin.
Significance
Organisms must be able to respond quickly to stress to maintain homeostasis and survive. Perturbation of normal endoplasmic reticulum (ER) function leads to the induction of the evolutionarily conserved unfolded protein response (UPR), essential for recovering cellular homeostasis, or if recovery is impossible, leading to cell death. Chromatin-associated proteins have widespread effects on gene regulation, which are particularly important in response to stress conditions. We describe a regulatory link between the UPR and heterochromatin protein like-2, the Caenorhabditis elegans homolog of heterochromatin protein 1 (HP1). Our work suggests that loss of HP1 promotes the robustness of the ER stress response following a hormetic stress by activating the UPR and autophagy. These findings could have an impact on multiple aspects of disease biology.
Results
Loss of HPL-2 Enhances Resistance to ER Stress. ER stress can be triggered both as a part of normal development, as well as in response to adverse environmental conditions. We first tested whether HPL-2 could play a role in this stress response by looking at the sensitivity of hpl-2(tm1489) loss-of-function (lf) animals (8) to two well-characterized ER stress inducers, tunicamycin (TM) and DTT, inhibitors of glycosylation, and disulfide bond formation, respectively (9) . Worms at the L4 larval stage were grown to adulthood on plates containing either TM or DTT, and development and survival of progeny scored. hpl-2 mutants were more resistant to both treatments ( Fig. 1A and Fig. S1A) . Therefore, the absence of HPL-2 improves survival following the induction of acute ER stress by two distinct stressors. Importantly, increased resistance to ER stress does not reflect a general resistance to stress conditions, as hpl-2 mutants are inheritently sensitive to thermal stress (8) , more sensitive to osmotic stress (10) , but unaltered in their response to oxidative stress (7) .
Because tunicamycin inhibits proper folding of newly synthesized proteins, the absence of HPL-2 could alleviate TM-induced ER stress by reducing translation. To induce ER stress independently of active protein translation, we treated animals with thapsigargin (TG), an inhibitor of the sarcoplasmic/endoplasmic reticulum Ca 2++ ATPases that blocks Ca 2++ reuptake into the ER and rapidly activates the UPR (11) . hpl-2 mutants were also more resistant to TG (Fig. 1A) , showing that increased resistance to ER stress in these animals is not simply a consequence of a reduced translational load in the ER. Expression profiling also failed to reveal any role for HPL-2 in regulating the expression of genes involved in protein translation, including ribosomal genes, aminoacyl tRNA synthetases, and translation initiation factors, or components of the target of rapamycin signaling pathway (7). Thus, a major role for HPL-2 in the ER stress response through translational regulation can be excluded.
Increased Resistance to ER Stress in Absence of HPL-2 Depends on the Canonical UPR Pathway. In C. elegans, ire-1/xbp-1 directs the majority of the transcriptional regulation in response to acute ER stress, with pek-1 and atf-6 playing only minor roles. If the enhanced resistance of hpl-2 mutants depends on the xbp-1/ire-1 pathway, then inactivation of ire-1 or xbp-1 genes should strongly decrease the enhanced ER stress resistance of these animals. We observed that the enhanced stress response in hpl-2 mutants was greatly reduced when xbp-1 was inactivated (Fig. 1B) . hpl-2 mutants completely lacking ire-1 were inviable (Fig. S1E) , suggesting that IRE-1 and HPL-2 may play additional redundant functions in development. We therefore used RNAi to partially inactivate ire-1 and found a similar, although reduced effect, compared with xbp-1 loss of function, in the ER stress resistance of hpl-2 mutant animals (Fig.  1C) . The smaller effect is likely due to incomplete inactivation of ire-1 by the RNAi treatment (Fig. S1B) . Together, these results indicate that the xbp-1/ire-1 pathway plays a major role in conferring enhanced ER stress resistance to hpl-2 mutants. Further analysis showed a requirement for pek-1, but not atf-6 in the enhanced resistance to ER stress (Fig. S1C) .
XBP-1 Is Constitutively Activated in hpl-2 Mutant Animals. The above results suggest that increased activity of the ire-1/xbp-1 branch of the UPR could contribute to the enhanced resistance to ER stress in the absence of HPL-2. The level of IRE-1-mediated splicing of xbp-1 mRNA correlates with activation of the UPR pathway (12) . In hpl-2 mutants, the level of spliced xbp-1 mRNA was increased more than twofold compared with wild type, in the absence of exogenous stress (Fig. 1D) . Therefore, HPL-2 deficiency results in XBP-1 activation under basal conditions. In conditions of ER stress, however, levels of spliced xbp-1 RNA were similar in both wild-type and hpl-2 mutant contexts.
The XBP/IRE-1 pathway regulates the expression of a number of genes, including chaperones and genes that operate in ERAD. Quantitative (q)RT-PCR analysis showed that expression of hsp-3 and hsp-4, encoding the worm orthologs of the ER chaperone BiP/ GRP78, was induced more that twofold in hpl-2 mutant adults compared with wild type under basal conditions (Fig. 1E ). hsp-4 activation under basal conditions was confirmed using an hsp-4:: mCherry transcriptional reporter (Fig. 1F ). However, with the exception of crp-1, the expression of additional ER stress response genes (13) was unaffected (Fig. S1D) . Therefore, although basal activation of XBP-1 in animals lacking HPL-2 is associated with increased expression of ER chaperones, additional factors are likely to be required for the activation of other XBP-1-dependent ER stress response genes under basal conditions. . For E and F, an unpaired Student t test was performed. For all tests, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.005, ****P ≤ 0.0001. ANOVA was performed using Graphpad Prism version 6.0 for Macintosh GraphPad software, followed by Holm-Sidak for all pairwise multiple comparisons (Dataset S1). Results represent the mean of at least three independent experiments.
The Autophagy Pathway Contributes to ER Stress Response in hpl-2
Mutant Animals. Our results suggest that the increased ER stress resistance of hpl-2 mutants depends on the UPR. Autophagy has been linked to ER stress signaling (2), relieving ER stress by contributing to the elimination of abnormally aggregated proteins and damaged organelles (14) . Microtubule-associated protein light-chain 3 (LC3/Atg8) is a key autophagy-related protein recruited to the autophagosome. C. elegans has two LC3-related proteins, LGG-1 and LGG-2 (15) . qRT-PCR analysis showed that ER stress induced expression of both genes in hpl-2 mutants ( Fig. 2A) . To ask if increased mRNA expression correlates with increased autophagosome formation, we visualized a GFP-tagged LGG-1 protein that is expressed in multiple tissues in which the UPR is highly induced, including the hypodermis (16) . Whereas the number of LGG-1::GFP puncta in wild-type animals was the same under basal or stressed conditions, hpl-2 mutants showed a threefold increase following induction of ER stress compared with wild type (Fig. 2 B and C) . Free GFP derived from LGG-1::GFP degradation accumulates in an autophagydependent manner following the fusion of autophagosomes with lysosomes and is detected as a lower migrating band in immunoblot analysis (15) . Following ER stress, the intensity of the band corresponding to free GFP increased over threefold in hpl-2 mutants compared with wild type under the same conditions (Fig. 2D) . Therefore, the increase in the number of LGG-1::GFP bodies in animals lacking HPL-2 likely reflects increased autophagic flux, rather than the accumulation of autophagosomes. Together, these results suggest that autophagy is induced in the absence of hpl-2 under conditions of ER stress.
To test whether increased autophagy directly contributes to the ER stress response, we used RNAi to inhibit specific autophagy genes in wild-type and hpl-2 mutant animals exposed to ER stress (Fig. 2E) . RNAi inactivation of lgg-1 in hpl-2 mutants significantly reduced survival to adulthood. Similar results were obtained following RNAi of lgg-2 and atg-7, the ortholog of mammalian Atg7 (Fig. S2A) . Decreased expression of LGG-1::GFP and LGG-2:: GFP by RNAi treatments confirmed the efficacy of RNAi (Fig. S2 B and C) . Therefore, autophagy contributes to enhanced ER stress resistance in the absence of HPL-2. However, as autophagy inactivation had less of an effect on the ER stress response than xbp-1 inactivation, it is likely that increased autophagy is a secondary consequence of increased basal activity of the XBP-1 pathway in the absence of HPL-2.
HPL-2 Plays Opposing Functions in the Intestine and Neuronal Cells to
Influence the ER Stress Response. HPL-2 is ubiquitously expressed in both larvae and adults (17) (Fig.  3) , consistent with an important role for this tissue in mediating the UPR (20) . Unexpectedly, expressing hpl-2 in neuronal cells of hpl-2 mutants resulted in a significant increase in ER-induced developmental arrest compared with wild type. Neuronal expression of hpl-2 had no effect on survival of wild-type animals under ER stress conditions, ruling out an effect due to overexpression in neuronal cells. These results suggest that hpl-2-expressing neurons produce a signal that acts on hpl-2-deficient receiving cells to negatively influence the ER stress response. To test whether neuronal hpl-2 expression negatively influences the UPR in animals lacking hpl-2 in other cell types, we used qRT-PCR analysis to look at induction of UPR genes following ER stress in transgenic animals. xbp-1, hsp-3, and hsp-4 were equally induced in hpl-2 mutant animals expressing either intestinal or neuronal hpl-2 (Fig. S3) . Therefore, increased sensitivity to ER stress in mutants expressing neuronal hpl-2 is not due to a global defect in the UPR response in these animals. However, we cannot exclude tissuespecific effects in UPR activation in these animals. LGG-1 were cultured on plates with or without TM (5 μg/mL) for 24 h at 20°C. Ratios of cleaved GFP to tubulin normalized to control are indicated. All samples were run on the same gel, but for clarity lanes were reordered in the final figure; noncontiguous lanes are divided by a white line. (E) Autophagy contributes to survival following ER stress. WT and hpl-2 mutant animals at the L4 larval stage were grown on lgg-1 RNAi plates for 24 h, then transferred onto fresh RNAi plates with or without TM (3 μg/mL). Bars show the proportion of WT or hpl-2 animals that reach adulthood after 72 h of development from eggs (mean of three independent experiments). Two-way ANOVA with factors genotype (WT, hpl-2) and presence or absence of lgg-1 RNAi, (****P value ≤ 0.0001).
exposure to acute ER stress through hormesis (3). ER hormesis has previously been described in Drosophila and mammalian cell systems (21) (22) (23) . To test whether this mechanism is conserved in C. elegans, we first exposed wild-type animals to low doses of TM, which on their own have no effect on viability, followed by higher doses normally associated with decreased survival. Strikingly, pretreatment of wild-type worms on 0.5 μg/mL TM significantly improved survival compared with animals directly exposed to acute stress (Fig. 4A) . Therefore, preconditioning confers protection against acute ER stress in worms. A similar effect was observed following pretreatment with 0.1 μg/mL TM, but was lost with 1.0 μg/mL TM (Fig. S4) , indicating a narrow range of concentrations conferring beneficial effects. Expression of two sensors of UPR induction, hsp-4p::GFP and ckb-2p::GFP (20, 24) at TM concentrations as low as 0.1 μg/mL confirmed that preconditioning induces the UPR (Fig. 4C) . Importantly, pretreatment failed to further enhance the ER stress response of hpl-2 mutant animals (Fig. 4B) . The absence of an additive or synergistic effect suggests that inactivation of HPL-2 enhances resistance to ER stress through pathways in common to those activated by ER hormesis.
HPL-2 Acts in the Same Pathway as the Rb Homolog LIN-35 and the
Zinc Finger Protein LIN-13 to Influence the ER Stress Response. HP1 proteins are recruited to chromatin through H3K9 methylation (H3K9me) and/or direct interaction with additional chromatin associated factors (6) . We therefore tested whether predicted H3K9 histone methyltransferases (HMTases) and potential interactors of HPL-2 also play a role in the ER stress response. Two HMTases, SET-25 and MET-2, are required for H3K9me in C. elegans (25, 26) . Whereas animals lacking set-25 showed a wild-type response to ER stress, animals lacking met-2 showed enhanced resistance (Fig. 5A) . As previously shown (25) , hpl-2; met-2 double mutants display synergistic phenotypes, consistent with HPL-2 and MET-2 playing independent functions in development. Because of the greatly reduced viability of these animals with respect to the single mutants, we were unable to test their resistance to ER stress.
HPL-2 is part of a gene regulatory pathway known as synMuvB. synMuvB genes encode transcription and chromatinassociated factors mediating differentiation of various tissues, including the intestine (27) . In this tissue, hpl-2 shares a number of phenotypes with a subset of synMuvB genes including lin-13, encoding a zinc-finger protein which physically interacts with HPL-2 (28), and lin-35, encoding the single homolog of the mammalian retinoblastoma (Rb) protein (29) . We therefore tested whether loss of function or RNAi inactivation of these genes also confers increased ER stress resistance. lin-13 and lin-35 loss of function mutations, as well as lin-35(RNAi), equally increased resistance to ER stress, similar to hpl-2 loss of function (Fig. 5 B  and C and Fig. S5B ). By contrast, inactivation of lin-36, a SynMuv B gene that does not display intestinal phenotypes, had no effect (Fig. S5B) . To investigate the interplay between HPL-2, LIN-13 and LIN-35, we looked at the ER stress survival of hpl-2;lin-13 or hpl-2;lin-35(RNAi) animals. Combined inactivation of hpl-2 and either lin-13 or lin-35 did not lead to a further increase in ER stress resistance with respect to either single mutant or RNAi (Fig.  5 B and C) . Altogether, these results suggest that HPL-2 may act in a common pathway with LIN-35/Rb and LIN-13 to influence the ER stress response in the intestine.
Discussion

HPL-2 Influences ER Homeostasis Through the UPR Pathway and
Autophagy. Chromatin modifying proteins are likely to take on alternative roles depending on the cellular environment, and on whether they heighten or dampen the responses to a particular stress (5, 30) . We have shown that HPL-2, the C. elegans homolog of HP1, plays an important role in maintaining ER homeostasis in response to ER stress. Increased survival following ER stress in animals lacking HPL-2 depends on the XBP1/IRE-1 and PEK-1 branches of the UPR. Under physiological conditions, levels of activated xbp-1 were two-to threefold higher in hpl-2 mutants compared with wild type, suggesting that under basal conditions HPL-2 plays a role in dampening the UPR. This is supported by the finding that expression of the two GRP78/BiP homologs and XBP-1 target genes, hsp-3 and hsp-4, is also increased under basal conditions in hpl-2 mutants.
Part of the protective effect induced by HPL-2 inactivation depends on autophagy. ER stress is associated with increased formation of autophagic vesicles in both yeast and mammalian cells (4, 14) . Although autophagy does not appear to be part of the ER stress response in wild-type animals, our data are consistent with autophagy and UPR signaling balancing physiological fluctuations and pathological perturbations in protein homeostasis in both directions: UPR signaling controlling autophagy levels, and autophagy signaling/activity controlling ER stress levels (4). The interdependence between these two closely related processes in response to ER stress in C. elegans remains to be established.
Hormesis Contributes to ER Stress Resistance in the Absence of HPL-2.
Our data suggests that basal activation of xbp-1 in animals lacking HPL-2 may confer protection against acute ER stress through a mechanism resembling hormesis, an adaptive process in which cells and organisms exposed to a mild stress become resistant to more severe stress. In mammalian cells, ER stress preconditioning protects against brain ischemia and attenuates heart ischemia/reperfusion (22, 23) . More recent findings support the direct involvement of a hormesis mechanism in handling neuronal degeneration through preconditioning mediated by a dynamic balance between ER stress and autophagy (21) . In C. elegans, the notion of hormesis has been previously related to the effect of oxidative stress on longevity and dauer diapause (31) (32) (33) , and mildly elevated temperature on heat-induced necrosis (34) . Chromatin has been proposed to be involved in hormesis-like responses to stress in yeast, where transient treatment with sublethal doses of reactive oxygen species (ROS) was shown to modulate the activity of a histone demethylase (35) . We have shown that in wild-type animals, mild ER stress confers resistance to subsequent exposure to acute stress, and is accompanied by the activation of UPR genes including BiP/ GRP78 chaperones. The finding that preconditioning was unable to further increase the ER stress resistance of hpl-2 mutants is consistent with HPL-2 inactivation and preconditioning increasing resistance to acute ER stress through a common mechanisms. These results point to evolutionarily conserved mechanisms linking chromatin-based regulation to hormesis.
HPL-2 Expression in Neuronal Cells Can Negatively Influence the ER
Stress Response Through a Cell-Nonautonomous Mechanism. We have shown that expression of HPL-2 in the intestine alone is sufficient to restore a wild-type response to ER stress in hpl-2 mutants, consistent with a cell autonomous function. Surprisingly, neuronal expression of hpl-2 in animals lacking hpl-2 in all other tissues rendered mutants more sensitive to ER stress. Together, these results suggest that hpl-2 expression in neuronal cells negatively influences the ER stress response in animals, but the presence of hpl-2 in distal cells blocks this cell-nonautonomous signaling from neuronal cells. The regulation of the ER stress response is widely considered to be cell autonomous. For example, the intestinal epithelium is especially dependent upon an intact UPR for its normal secretory activities and disruption of Xbp1 specifically in this tissue induces ER stress (36) . In C. elegans, the UPR is required to prevent intestinal degeneration following stress (13, 20) . Our data are consistent with more recent evidence showing that XBP-1 can act cell nonautonomously in neuronal cells to influence the ER stress response in other tissues (37) . Neuronal signaling pathways may regulate the UPR in the intestine to integrate this response into other functions of the organism (37, 38) .
HPL-2 Acts in the Same Pathway as the Rb Ortholog LIN-35 and the Zinc-Finger Protein LIN-13 to Dampen the ER Stress Response. hpl-2 is part of intersecting chromatin pathways that regulate various aspects of development in C. elegans. Our data suggest that for the ER stress response, HPL-2 may act with the Rb-related protein LIN-35 and the zinc-finger protein LIN-13. LIN-13 physically interacts with and recruits HPL-2 to nuclear foci in embryos (8) . In addition, an Rb binding motif is also present in LIN-13 (28) , although an interaction between LIN-13 and LIN-34/Rb remains to be shown. In the intestine, HPL-2-bound genomic regions are also bound by LIN-35, consistent with LIN-35 and HPL-2 sharing common intestine specific functions (39) , which may include regulation of the ER stress response. Mammalian retinoblastoma protein has a well-established role in organizing higher order chromatin domains (40) and directly interacts with HP1 (41) . Changes in HP1 expression are associated with a number of cancers, and HP1 is therefore a therapeutic target (42) . Our work suggests that HP1 levels may also affect the robustness of the ER stress response through hormesis by activating the UPR and autophagy, which could have an impact on multiple aspects of disease biology.
Materials and Methods
Strains and Cultures. The wild-type strain N2 (Bristol) was used as the reference strain. Strains and linkage groups used are listed in SI Materials and Methods.
ER Stress Survival Assays. First day adult N2 wild-type and either mutant or RNAi worms were placed on nematode growth medium plates containing TM (Sigma-Aldrich; 0-5 μg/mL), DTT (Sigma-Aldrich; 0-5 mM) or TG (SigmaAldrich; 10 μM) and seeded with OP50 bacteria. For all assays, adults were allowed to lay eggs for 6 h, the total number of eggs was counted, and animals were scored after 72 h at 20°C. hpl-2 WT Fig. 4 . Mild ER stress protects against subsequent acute stress. (A) WT young adult worms were grown on plates containing sublethal doses of TM (0.5 μg/mL; pretreatment) or control plates without TM (no pretreatment) for 24 h, then transferred onto fresh plates containing the indicated concentrations of TM and allowed to lay eggs as in Fig.  1A . The graph represents the mean of three independent experiments. Two-way ANOVA with factors treatment (various doses of TM) and pretreatment (none vs. 0.5 μg/mL TM), (*P value ≤ 0.05). (B) Preconditioning does not further enhance survival of hpl-2 animals. (C) ER stress preconditioning induces the UPR. Animals expressing hsp-4p::GFP and ckb-2p::GFP UPR reporters were treated with the indicated dose of TM for 24 h and observed with a Zeiss AxioPlan. For both reporters, strongest expression was observed in the intestine. All images were taken with the same exposure time using Metamorph software. Individual panels were assembled from two or more images using Adobe Photoshop. Fig. 1A . In A, an unpaired Student t test *P value < 0.05 was applied. In B, one-way ANOVA with factor genotype (WT, lin-13, hpl-2, lin-13;hpl-2) was performed (*P value ≤ 0.05, **P value ≤ 0.01). For C, two-way ANOVA with factors genotype (WT, hpl-2) and loss of lin-35 (***P value ≤ 0.005). Graphs represent the mean of three independent experiments.
RNAi. RNAi feeding was as previously described (43) using RNAi clones obtained from the Ahringer RNAi library (Geneservice). For TM tests, young adult worms were transferred to RNAi plates containing 3 μg/mL TM.
RT-PCR Analyses and qPCR. Synchronized animals, either untreated or treated with 5 μg/mm TM for 6 h, were collected and lysed using TRIzol (Invitrogen). Extracted total RNA was reverse transcribed using the iScript kit (Bio-Rad). PCR products were amplified using specific primers (Table S1 ) and qPCR analysis performed on the RotorGene (Qiagen). Normalization was with cdc-42 and hexokinase.
Western Blotting. Total protein was prepared as described in ref. 44 . Blots were incubated with anti-GFP antibodies (Roche; 1/1,000) and antitubulin mAb (Sigma; 1/10,000) and quantified using ImageJ.
Microscopy. Fluorescent analysis was on a Zeiss AxioPlan 2 with Nomarski optics coupled to a CoolSNAP (Roper Scientific) or a Zeiss LSM710 confocal microscope. Images were analyzed with ImageJ software, and processed with Adobe Illustrator. Detailed information is provided in SI Materials and Methods.
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